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Introduction and Previous Research 
This paper is based on stratigraphic studies conducted 
at the Merrell Locality and other locations in Centennial 
Valley. The Merrell Locality is situated in southwest Mon-
tana, on the western end of Centennial Valley (Figute 30). 
It is notable for containing the fossil vertebrate remains of 
mammoth (Mammuthus cf. M columbz) , scimitar cat (a 
member of the sabertooths, Homotherium serum), horse 
(Equidae) and Yesterday's camel (Camelops cf. hesternus), 
as well as other plant and animal fossils of Pleisrocene age 
(Dundas 1990; Dundas, Hill, and Batten 1996). Summa-
ries and reports of research conducted at the locality in-
cludeAlbanese (1995) ; Albanese, Davis, and Hill (1995); 
Batten and Davis (1996); Bump (1989); Davis et al. (1995); 
Dundas (1990); Dundas (1992); Hill, Davis, and Albanese 
(1995); Hill and Albanese (1996); Hill (1999 , 2001a, 
2001b). 
Excavations at the Merrell Locality were undertaken 
by the Museum of the Rockies at Montana State Univer-
sity-Bozeman in 1994,1995, and 1996. D . C. Batten served 
as field direcror. J. P. Albanese conducted on-site geologic 
studies in 1994 and 1995. J. Feathers collected sediment 
samples for luminescence dating in 1997. R. I. Kuntzelman 
and C. L. Wofford Hill served as field assistants during 
1998-2001. This paper provides a summary of stratigraphic 
studies conducted in conjunction with these efforts and is 
based on field observations at the Merrell Locality made 
berween 1994 and 2001. 
Summary of the Cenozoic Geology 
of Centennial Valley 
Background 
The Merrell Locality is situated on the extreme west-
ern end (NW1/4,NE1I4,NW1/4, Sec. 5, T14S, R6W, 
United States Geological Survey Lima Dam 7.5-Minute 
Quadrangle) of the Centennial Valley (Figure 31). Cen-
tennial Valley is a generally east-west-trending structural 
basin surrounded by the Centennial Mountains ro the south 
and the Snowcrest and Gravelly Ranges ro the north (Fig-
ures 30 and 31). The valley averages about 6 mi (3.7 km) 
in width. The present-day drainage of the Red Rock River 
flows from the Red Rock Pass divide area in the east to the 
western end where the valley is constricted west of Lima 
Reservoir where a dam regulates flow. 
Bedrock Stratigraphic Sequence 
Rocks of all the major geologic time intervals (Pre-
cambrian, Paleozoic, Mesozoic, and Cenozoic) occur within 
the region. Precambrian rocks are exposed along the east-
ern end of Centennial Valley (Witkind 1972, 1975a, 1975b, 
1976; Witkind and Prostka 1980). They consist of meta-
morphosed older sedimentary rocks and younger igneous 
rocks associated with granodiritic, gabbroic, and diabase 
intrusions. Paleozoic rocks consist of Middle Cambrian-
Mississippian carbonate, shales, and sandsrones. Most of 
the Mesozoic rocks are sandstone, siltstone, and shale with 
some coal. Triassic rocks include the Dinwoody, Wooldside, 
and Thaynes Formations. The Jurassic is represented by 
the Morrison Formation which is overlain by the Kootenai 
and Aspen Formations. 
During the late part of the Mesozoic, structural com-
pression of the Earth's crust associated with the Laramide 
Orogeny affected the older rocks. Compressional forces 
associated with the Laramide Orogeny created the Metzal 
Creek Anticline and probably the Odell Creek Fault 
(Honkala 1949). Upper Cretaceous and younger strata are 
exposed along the down-dropped (western) block associ-
ated with the Odell Creek Fault. The uplifted (eastern) 
block has exposed a Precambrian ro Lower Cretaceous se-
quence. The sequence is covered by Quaternary volcanics. 
The area around the western end of the Lima Reser-
voir is underlain by a conglomerate. The conglomerate is 
exposed along the south side escarpment of the Lima Res-
ervoir Dam as well as berween the Lima Reservoir Dam 
and the Merrell Locality. This conglomerate is also exposed 
north of the dam where it has been assigned ro the Lima 
Conglomerate. The Beaverhead Group contains the Lima 
Conglomerate (Nichols, Perry, and Haley 1985; Schmitt 
et al. 1995). 
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Figure 30. Air photograph showing Merrell Locality 
within Centennial Valley. 
Tectonics and Volcanism 
The general chronology of Cenozoic geologic events 
in southwestern Montana includes continued compres-
sional deformation associated with the Laramide Orogeny, 
followed by extensional tectonic events and associated vol-
canism. The younger tectonic activity and volcanism have 
been connected with the Yellowstone Hotspot and the 
Snake River Plain (Pierce and Morgan 1992). Centennial 
Valley and its structural counterpart, Jackson Hole, along 
with the Centennial Range, and its structural counterpart, 
the Teton Range, have undergone dynamic tectonic activ-
ity during the Quaternary (Myers and Hamilton 1964). 
Structural and Depositional Context 
The Laramide Orogeny began in the Cretaceous (late 
Mesozoic) and continued through the Eocene (early Ceno-
zoic). Erosion from early Tertiary uplift resulted in the depo-
sition of clastics, principally the Beaverhead Formation 
(Eardley 1960; Honkala 1960). During the Eocene, com-
pressional forces formed a thrust fault through the 
Beaverhead in the west (Honkala 1960). Block-faulting 
along the Cliff Lake Fault appears to have begun during 
the Oligocene. Fluvial deposition during the Miocene filled 
the valley with sediments as the Centennial Range began 
to be uplifted. 
Several generally north-south-trending faults cut across 
the Centennial Valley. The Odell Creek Fault (Secs. 1 and 
12, TI5S, RlW; Sec. 36, TI4S, RlW; Sec. 31, TI4S, RIW) 
is a high-angle normal fault hidden under the later Ter-
tiary-Quaternary sediments and Pleistocene volcanics in 
the Centennial Valley. The stratigraphic throw of the Odell 
Creek Fault has been estimated at about 4,500 ft (1,372 
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m\ , w\th 'd. c1\'i>j)t'd.c.emmt at '3,GGG ft (91'5 m) (Hon.hla. 
1949, 1960). 
Regionally, the features associated with the Snake River 
Plain were initiated duting the Oligocene. There appears 
to be a direct connection between the greater Yellowstone 
tectonic and volcanic system and the Snake River Plain. 
The Centennial Range is, in fact, part of the north rim of 
the Snake River Basin (Alden 1953:39). The range stretches 
about 45 mi (72.6 km) from the edge of Henrys Lake in 
the east, to a gap at Monida in the west (Figures 31 and 
32). By Late Pliocene and Early Pleistocene times, the vol-
canism and tectonics of the Snake River Plain Hotspot 
began to affect the Centennial (as well as the Teton) sys-
tem (Hamilton 1965). The system migrated eastward, tilt-
ing the Centennials southward (Pardee 1950). 
Pleistocene Volcanism 
Several large volcanic explosions affected the region 
during the Pleistocene. The area contains the most exten-
sive exposure of Pleistocene igneous rock in Montana. The 
three units that form the Yellowstone Group volcanics 
(Christiansen and Blank 1972; Christiansen and Embree 
1987) are found in the vicinity. About 2 million years ago, 
an eruption from the Island Park caldera emplaced the 
Huckleberry Ridge Tuff (HRT) along the southern mar-
gin of the Gravelly Range. The caldera extends from the 
west side of Island Park to the Central Plateau of 
Yellowstone National Park (Figure 32). The tuff has been 
traced into the Centennial Valley area and northward into 
the Madison Valley. Dated exposures include tuff about a 
mile north-northwest of Hidden Lake (91 m or 299 ft 
thick), Elk Lake (123 m or 403 ft thick), a cliff face near 
Wall Canyon along the Madison River (48 m or 157 ft 
thick), and the slope of Flatiron Mountain (Sonderegger 
et al. 1982; Mannick 1980). At Targhee Pass, the HRT is 
about 200 m (656 ft) thick. 
The HRT is exposed on the north side of the Centen-
nial Valley about 17.7 km (11 mi) west of the Upper Red 
Rocks Lakes Quadrangle (Sonderegger et al. 1982). The 
tuff is thicker in the east and thins toward the west, indi-
cating the general direction of movement of the ash-tuff 
The spatial character of the tuff has been used to argue 
that, during the early Pleistocene, the Centennial Range 
was lower than at present, which allowed the tuff to sweep 
northwestward into the Valley. 
Within the Centennial Valley, the HRT has been dis-
placed along the Centennial Fault, providing an indica-
tion of uplift over the last 2 million years. There has been a 
displacement of up to 1,830 m (ca. 6,004 ft). At about the 
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Figure 31 . Schematic drawing showing general setting for the Merrell Site (by C. L. Hill). 
same time that the Huckleberry Ridge eruption occurred, 
volcanic lava was extruded along the northeast side of the 
Centennial Valley. Basalt at Elk Lake has a K-Ar date of ca. 
1.95 million years (Sonderegger et al. 1982). 
The Mesa Falls Ash (MFA) exploded from a smaller 
caldera nested against the northwest wall of the older Is-
land Park caldera about 1.2 million years ago. By that time, 
uplift along the Centennial Fault system appears to have 
been great enough so that the Centennial Mountains 
blocked the northward flow of the ash. The MFA is found 
locally only in the Centennial Valley, near the divide at 
Hell Roaring Canyon in the Centennial Valley (Widcind 
1976) as well as southeast of Cliff Lake and in the Madi-
son Valley. The Lava Creek eruption ca. 600,000 years ago 
was emplaced only along the southeastern margin of the 
Centennial Range, indicating that its northward flow was 
blocked by the increasing height of the mountains. 
The Pleistocene volcanics appear to overlie and con-
ceal a buried valley that once connected the Centennial 
Mountains and the southern Madison Valley (Sonderegger 
et al. 1982). Before the Yellowstone explosions, this valley 
had probably served as a drainage for the Centennial Valley. 
Structure and Late Quaternary Tectonics 
The Centennial Valley is part of a zone of Holocene 
faulting and seismicity defined as the Centennial Tectonic 
Belt (CTB). It is part of the northeastern portion of the 
Basin and Range Province connected with the Snake River 
Plain and the migrating Yellowstone Hot Spot (Stickney 
and Bartholomew 1987; Good and Pierce 1996) . The CTB 
is an east-west-trending belt of earthquake activity and Late 
Quaternary faulting that extends from northwestern 
Yellowstone National Park to Idaho along the northern 
flank of the Snake River Plain, including Red Rock Valley, 
the southern Gravelly Range, the Centennial Valley, and 
the Hebgen Lake area (Figure 32). 
The Centennial Mountains consist of a fault block that 
tilts southward under the Pleistocene lava and tuffs of the 
Snake River Plain (Pardee 1950). The Centennial Fault 
system consists of several segments (Pardee 1950; Witkind 
1975; Shofield 1981; Sonderegger et al. 1982). There are 
two high-angle normal faults . One branch is buried under 
sediments and one branch is exposed along the surface. 
The north slope of the Centennial Range consists of a front 
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that rises 3,000 ft (914 m) in 1 mi (1.6 km) (Myers and 
Hamilton 1964; Schofield 1981). There appears to have 
been more than 10,000 ft (3,027 m) of vertical displace-
ment, mostly in the last 10 million years (indicating that 
there is about 7,000 ft [2,135 m] of valley fill). The fault 
scarp along the north face of the Centennials reaches heights 
of 50 ft (18 m). In the eastern part of the valley, the fault 
scarp appears to be buried beneath glacial, alluvial, and 
landslide deposits, but, in the west, there is a very obvious 
scarp. Glacial, alluvial, and Late Pleistocene lake sediments 
are offset along the fault scarps (Myers and Hamilton 1964). 
The Red Rock Lakes segment of the Centennial Fault passes 
into a glacial moraine. It cuts across pre-Bull Lake to Bull 
Lake and post-Bull Lake to Pinedale deposits, but is cov-
ered by Pinedale moraines (Pardee 1950; Stickney and 
Bartholomew 1987). 
The western segment of the Centennial Fault appears 
to have been active more recently. The scarp curs across 
Early Holocene and Pleistocene deposits, but is covered by 
later Holocene alluvial fans (Stickney and Bartholomew 
Figure 32. Air photograph showing Merrell Locality in 
relation to Snake River Plain. 
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1987). In the alluvial plain of Jones Creek, the Centennial 
Fault diverges into two segments and then is buried under 
a landslide that extends along the range front for about 7 
mi (11.3 km) (Pardee 1950). A short scarp crosses till, but 
appears not to cut older deposits along Sawtell Peak 
(Witkind 1975). Closer to the Merrell Locality, the scarp 
associated with the Lima Reservoir Graben offsets a post-
Bull Lake to Pinedale/post-Pinedale to pre-Holocene sur-
face as well as the youngest stream terraces. It is cut by a 
Late Holocene stream (Stickney and Bartholomew 1987). 
Glacial lake features within the valley have been used 
to estimate the rate of movement along the Centennial 
Fault since the Late Pleistocene. The altitude of glacial lake 
shorelines appears to indicate that movement along the fault 
has been about 2.54 cm per year since the latest Pinedale 
glaciation (Sonderegger et al. 1982). The lakeshore is bro-
ken by faults and has been warped by at least 60 ft (18.2 
m), rising from 6,630 ft (2,021 m) near Upper Red Rock 
Lake to 6,690 ft (2,039 m) 3 mi (4.8 km) eastward (Myers 
and Hamilton 1964). Around Lakeview, landslide depos-
its cut by the road are another indicator of Holocene tec-
tonic activity in the valley. 
Geomorphology and Paleohydrology 
Glacial Context 
The Pleistocene and postglacial physical 
paleoenvironmental context of the Centennial region can 
be inferred from stratigraphic and geomorphic evidence. 
Pleistocene volcanics are present, along with sediments in-
terpreted as indicating the presence of glacial-related (mo-
raines, outwash), mass movement (debris flow, landslides), 
alluvial, lacustrine, and eolian paleoenvironmental contexts. 
Along with faulting and volcanism associated with the 
Late Cenozoic regional extensional tectonics, Centennial 
Valley was affected by climate change during the Pleis-
tocene. A series of nested moraines (Figure 33) is present 
along the slope of the Centennial Mountains in the east-
ern Centennial Valley (Alden 1953; Myers and Hamilton 
1964). Landforms interpreted as Bull Lake-age moraines 
have been mapped in the vicinity of Upper and Lower Red 
Rock Lakes (Alden 1953; Myers and Hamilton 1964; 
Witkind 1975). Alden (1953: 175) observed moraines rep-
resenting two distinct stages of glaciation south and south-
east of Upper Red Rock Lake. In Sections 27 and 28, T14S, 
R1W (4-5 mi [6.5-8.1 km] east of Lakeview), the abrupt 
300-ft (91.4-m) margin of a terminal moraine (ca. 6,750 
fasl [2,057 masl]) is situated directly in front of a glaciated 
trough and cirque. The cirque hangs high above the valley 
flat. A glacial advance attributed to the Wisconsinan moved 
through a narrow trough, creating a new set of ridges with 
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top surfaces about 100 ft (30.5 m) lower and to the side of 
the older moraine (Alden 1954: 175). Several terminal 
moraines occur east of the old moraine. Wooded moraines 
5-9 mi (8 .1-14.5 km) east of Lakeview are visible from the 
road along the southeastern part of the Centennial Valley 
(Witkind 1975, 1976). 
Ice-Age Lakes and Drainage Patterns 
The Centennial Valley has apparently contained lakes 
intermittently throughout the Tertiary and Quaternary 
(Figure 34). The size of the lakes may have enlarged dur-
ing the Pleistocene due to increased runoff (Honkala 
1949:130). Shorelines and beach features mark the edges 
of the paleolakes (Figure 35). Well-developed and fairly 
prominent beaches are situated on the north side of the 
Red Rock Lakes, but beaches are also observable on the 
south side (Witkind 1976; Sonderegger et al. 1982). Some 
of these lake margins are correlated with Pleistocene gla-
ciation (Kennedy 1948). 
There are indications that some of the lake features 
within the valley are older than some glacial events. Air 
photos have been interpreted as indicating that a few of 
the moraines derived from glaciers in the Centennial Moun-
tains over-ride beach features of a Pleistocene Red Rock 
Lake (McMannis and Honkala 1960). Some of the beach 
lines are marked by lines of bushes on the air photos. Fea-
tures interpreted as lake terraces have also cut into alluvial 
fans, equivalent to the "Old Alluvial Fans" (Witkind 1976) 
(Figure 35). The present lakes within the valley are consid-
ered to be remnants oflarger Pleistocene lakes (McMannis 
and Honkala 1960). 
Glacial meltwater has been proposed as a mechanism 
for the formation of a large lake in the Centennial Valley 
during the Pleistocene (Sonderegger 1981; Sonderegger et 
al. 1982). During part of this time at least, and perhaps 
even during the Holocene, the Centennial Valley drained 
northeastward through an outlet that followed along the 
Figure 33. Moraines on east side of Centennial Valley 
(C. L. Hill photo). 
Cliff Lake Fault (McMannis and Honkala 1960; Myers 
and Hamilton 1964). This outlet was partially blocked by 
mass-wasting events (Mansfield 1911). The West Fork of 
the Madison River appears to have begun to incise during 
Late Pleistocene-Early Holocene times (Sonderegger et al. 
1982). Before the Late Pleistocene, the Madison River ap-
parently flowed southwest of its present course to Cliff Lake. 
Tilting eastward diverted the river (Meyers and Hamilton 
1964:91). To the south, the divide at Reynolds Pass sepa-
rates the drainage of the Snake River and Henrys Lake from 
the Madison River drainage to the north. The eastern end 
of the Centennial Valley and the southern end of the Madi-
son Valley appear to have been changed by the eruption 
resulting in the HRT, causing a change of the drainage 
pattern in the region (Schneider 1990). 
The drainage to the east and north may have been 
blocked by debris flows that eventually led to drainage to 
the west through the Lima Reservoir Dam pass (cf Myers 
and Hamilton 1964:95) (Figure 31). The Red Rock River 
presently flows westward out of the Centennial Valley at a 
constriction regulated by the Lima Reservoir Dam. Alden 
(1953) indicated the presence of limestones, but perhaps 
conglomerates are a more characteristic lithology. To the 
west (about 2 mi [3.2 km] from the dam), bench surfaces 
at heights of 1,000 ft (305 m), 800 ft (245 m), and "sev-
eral hundred" feet above the valley have been interpreted 
as probably reflecting the Pliocene and early Pleistocene 
down cutting of Red Rock Lake west of an outlet from the 
Centennial Valley (Alden 1953:15,38,40). Two river ter-
races southeast of Lima and along the Red Rock River are 
thought to be probably Pleistocene in age and related to 
mountain glaciation (Scholten, Keenmon, and Kupsch 
1965). The valley is very wide and broad until it narrows 
at the dam, 15 mi (24.2 km) east of Lima. 
Deposits in the Western Centennial Valley 
The areas bounded on the east by Lower Red Rock 
Lake and on the west by the eastern margin of the Lima 
Reservoir were studied by Honkala (1949). G. C. Kennedy 
mapped part of the U.S.G.S. Lyon Quadrangle in 1947-
1948. Honkala described a Pleistocene alluvium exposure 
(Sec. 2, T145, R4W, U.S.G.S Antelope Peak Quadrangle, 
between Lima Reservoir and Lower Red Rock Lake) of a 
1 O-m-thick sedimentary sequence composed of mainly silt 
and marl. The first unit is about 30 ft thick (9.1 m). It 
consists of gray silts, white marl, and gravel lenses. There 
are several marls up to about 5 in (12.8 cm) thick. Some of 
the gravel lenses are 6 in (15.4 cm) thick. The bedding is 
very irregular. Gastropods (Lymnae caperata) were found 
at a depth of 15 ft (4.6 m) from the surface, as were gopher 
(Thomomys talpoides) and ground squirrel (Citellus) bones 
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Figure 34. Shorelines and faults in Centennial Valley (after Myers and Hamilton 1964). 
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Figure 35. Air photograph of Quaternary shorelines and other geomorphic features near south side of Upper Red 
Rock Lake. 
(identified by Claude Hibbard). The gastropods are con-
sidered to be freshwater forms that inhabit pools in lake-
like settings. The second major stratigraphic unit is a silty, 
white, unconsolidated marl. It is about 5 ft (1.5 m) thick 
44 
and contains bone fragments of rodents. Honkala 
(1949: 100) interpreted this to indicate that small lakes or 
larger temporary lakes intermittently occupied all or parts 
of the Centennial Valley. He observed old beach lines on 
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the valley slopes and wave truncation spurs extending into 
the valley. 
The general scenario envisioned by Honkala is a model 
where sediments eroded from the uplifted mountains dur-
ing the Pleistocene were deposited within the Centennial 
Valley as broad, sloping alluvial fans and as lake sediments 
(Honkala 1949: 123). Honkala postulated that, during the 
Late Pleistocene and Holocene, waters supplied by melt-
ing glaciers covered the Centennial Valley. When the gla-
cial lakes receded, the areas of unconsolidated sediments 
(mostly sands and silts) were exposed to wind action. Sand 
dunes and beaches in Centennial Valley (T13S, R2W), 
mapped by Witkind (1975) and Sonderegger et al. (1982), 
provide support for the basic model. Sand deposits overly-
ing lacustrine sediments have been interpreted as evidence 
of Holocene aeolian activiry within the valley. 
The shorelines of prehistoric lakes were recognized on 
aerial photographs and in the field by Meyers and Hamilton 
(1964). A prominent shoreline cuts into alluvial fans 
thought to have been deposited as a result of sedimenta-
tion associated with the youngest Pinedale moraines. This 
implies that a lake existed in postglacial times, which Meyers 
and Hamilton tentatively propose at ca. 4,000 years ago. 
The shoreline north of Upper Red Rock Lake has been 
eroded away by the lateral migration of the floodplain of 
present-day Red Rock Creek. South of the floodplain, the 
shoreline is deformed, ranging in elevations of 6,630-6,690 
ft (2,020-2,040 m), while, to the north, it seems to have 
an elevation of about 6,650 ft (2,030 m) (Myers and 
Hamilton 1964). The present Red Rock River is entrenched 
up to 50 ft (15.2 m). Downcutting of tributaries has caused 
incision into the landforms that is visible on aerial photo-
graphs as well as on U.5.G.5. topographic maps. The most 
reasonable explanation for this incision would be the rela-
tive lowering of the divide near the present-day site of the 
Lima Reservoir Dam. Recurrent lowering and uplift con-
nected with faulting in the Centennial Valley may be a 
partial explanation for aggradational and erosional episodes 
recorded in the sedimentary sequence at the Merrell Lo-
caliry. 
On the west side of the Centennial Valley, there are 
rwo faults north of Lima Reservoir (Myers and Hamilton 
1964) (Figure 34). Both faults trend generally northwest-
southeast, have a down-dropped southwest side and an 
uplifted northeast side, and cut across the shoreline of a 
Late Quaternary lake thought to have filled the entire val-
ley. The fault north and east of the Lima Reservoir extends 
from about the paleolake shoreline to the present-day flood-
plain of the Red Rock River. The fault along the west ex-
tends from near the north shore of the reservoir, across the 
paleolake shoreline wesrward past the Lima Reservoir Dam 
(Figure 34). North of Lima Reservoir, the surface of the 
paleolake floor has been offset about 20 ft (6.1 m) along 
irregular fault scarps. The faulting associated with a major 
earthquake has been proposed as a tectonic event that emp-
tied the paleolake (Myers and Hamilton 1964). 
Within the Lima Reservoir Graben, there is a Late Pleis-
tocene surface (ascribed as post-Bull Lake to Pinedale/post-
Pinedale to pre-Holocene) as well as stream terraces 
(Stickney and Bartholomew 1987). These are all offset by 
the Lima Reservoir Fault scarp (Stickney, Bartholomew, 
and Wilde 1987). The stratigraphic sequence indicates at 
least 5 m (= 16 ft) of pre-Pinedale (?) deposits offset along 
the scarp, accompanied by sandblows. After this Pleistocene 
faulting, along the downthrown side, gravels were depos-
ited at the base of the scarp. The fluvial gravels are overlain 
by silts interpreted as loess. A buried soil formed at the top 
of these silts is overlain by a younger silt deposit, also in-
terpreted as a loess. This upper silt is overlain by the present-
day soil (Stickney, Bartholomew, and Wilde 1987). 
In summary, a combination of tectonic and climatic 
processes should be considered when developing models 
to interpret the Pleistocene geomorphic and sedimento-
logic record of the Centennial Valley. Volcanism, faulting, 
and landform features connected with seismic activity 
within the valley are interconnected, with fluctuating cli-
matic conditions that have prevailed over about the last 2 
million years. 
Merrell Locality Stratigraphy 
The geomorphic, stratigraphic, and sedimentologic 
context of the Merrell Localiry and environs was studied 
berween 1994 and 2001. Field research in 1994 was fo-
cused on the stratigraphic exposures in MOR Test Pits/ 
Excavation Areas E and C and along the escarpment (Fig-
ures 16-38). The geologic research was undertaken in col-
laboration with Albanese (Albanese 1995; Albanese, Davis, 
and Hill 1995; Hill, Davis, and Albanese 1995; Hill and 
Albanese 1996). In 1995, more detailed stratigraphic studies 
were conducted along the exposed escarpment and the se-
quences exposed by MOR excavations in the South and 
North Blocks (Figure 39). Albanese also conducted field 
studies in 1995 that were principally focused on North 
Block stratigraphy, but also collaborated on more detailed 
studies along the escarpment and within the South Block 
excavations. 
The 1996 stratigraphic studies were conducted by Hill 
independently after the MOR excavations for that year. 
Studies included documentation of the sequences exposed 
by the 1996 MOR excavations as well as more detailed 
documentation of the sequence along the escarpment, pri-
45 
Pleistocene Geology, Paleontology, and Prehistoric Archaeology 
marily south of the South Block. Visits to the Merrell Lo-
cality in summer 1997 were connected with obtaining chro-
nometric samples for luminescence measurements as part 
of a collaborative Pleistocene dating program with Jim 
Feathers, University of Washington (Feathers, this report). 
This included reexamination of the escarpment sequence 
and sampling of both the South and North Block areas. 
Brief visits to assess site erosion were undertaken in 1998-
2001. Drought conditions in 2001 provided an opportu-
nity to observe the vicinity of the Merrell Locality as it 
may have appeared prior to the installation of the dam. 
The low water levels made it possible to see the generally 
"pre-dam" topography and the location of the Red Rock 
River channel. 
Stratigraphic Descriptions 
The stratigraphy at the Merrell Locality has been stud-
ied within the three-dimensional grid-coordinate system 
used during the MOR excavations (Figure 4). Besides the 
U.5.G.5. 7.5-minute topographic map, two other more-
detailed maps have been used, each with the MOR grid-
coordinate system superimposed on the topographic map. 
A topographic map produced by Troy Helmick shows the 
locations of the 1994 MOR excavations in relation to site 
physiography (Figure 4). A second topographic map was 
made by Albanese in 1994 with special reference to the 
M 0 R excavations and the escarpment (Figure 16). Albanese 
placed a series of mapping stations on this map which were 
connected to the MOR grid-coordinate system. In 1995, a 
new series of survey stations was placed primarily along 
the escarpment. These were connected to the grid system 
in 1995 by Batten, and some of the stations were resur-
veyed by Batten in 1996. Both Hill and Albanese used the 
same set of survey stations in 1995 which were marked 
Figure 36. Air photograph of Merrell Locality and the 
west side of Centennial Valley. 
46 
with rebar and flagging tape. Studies along the escarpment 
from 1996 to 2001 used the 1995 reference stations as 
temporary datum points, especially along the escarpment 
away from the South and North Block excavations. 
Grid 80-120 N Escarpment Stratigraphy 
(South of South Block) 
This area includes the south part of the escarpment, 
which is the area south of the MOR South Block excava-
tions (Figure 39). Fossil specimens from this area include 
University of Montana collections FS55-57 (beach collec-
tions?), F7-12, F16, and F17 (escarpment collections?) 
based on a map provided by Tom Foor which connects the 
University of Montana study area with the MOR topo-
graphic map produced by Helmick. Faunal remains recov-
ered by the 1989 University of Montana excavations from 
this general part of the Locality included Mammuthus sp., 
Camelops, Ondatra zibethicus, Castor canadensis, and Equus 
(based on data in the Dundas inventory). The area farther 
Figure 37. View looking generally east toward the 
Merrell Locality (C. L. Hill photo). 
Figure 38. View looking generally southeast toward 
the Merrell Locality (C. L. Hill photo). 
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Figure 39. Map and photograph showing North and South Blocks, major strata, Merrell Locality (C. L. Hill photo 
and map). 
to the south was studied by Albanese and Hill in 1994 and 
by Hill in 2001, including the area where Universiry of 
Montana collections F2-F6 were made. 
Albanese mapped this part of the escarpment in 1994 
(Albanese 1995, this report). In 1995, Hill produced a 1 :20 
field sketch of this area using the approximate locations of 
the 1994 Albanese mapping stations A4-7, A22, and A24 
and 1995 survey stations E9 and E3. Some of this area was 
remapped again in 1996 when inspection revealed fossils 
apparently in situ within stratum A (Figure 40). 
The land surface along this part of the Merrell Local-
iry escarpment slopes toward the south. Facies variants of 
the principal strata at the site were clearly observable. The 
lowermost geologic unit, stratum A, can be separated into 
several substrata. Lower deposits tend to contain a higher 
amount of clay and silt-sized particles, while sands appear 
more prominent near the top of the stratum. The upper 
part is generally more massive and can contain varying 
degrees of clay, silt, and occasional pebbles within a gener-
ally fine sand matrix. Although the lower part of stratum 
A appears to consistently contain beds of well-sorted silts 
and clays, it also contains lenses of sand and gravel. 
The distinct, dark (organic-rich) facies of stratum B 
lies above stratum A along the north side of this part of the 
escarpment. It has been strongly affected by micro-fault-
ing. Toward the south, at around grid intersection 105N 
with the escarpment, there is a lateral facies change in stra-
tum B. From about 105N to 75N, stratum B is present as 
a zone of higher oxidation (Figure 17). 
Stratum C overlies stratum B and consists primarily of 
silt-dominated sediments with lenses of sands and gravel. 
Along this part of the escarpment, its upper surface is se-
verely disturbed by rodent burrows and is overlain by col-
luvium. A soil had developed in the overlying colluvium. 
Grid 120-140 N Stratigraphy (South 
Block Excavations) 
Detailed stratigraphic studies were conducted between 
Grid 120 and 140 in the central part of the escarpment 
(Figures 11 and 39). This area includes the MOR South 
Block excavations (Hill and Batten 1997, this report). In 
1994, the Test Pit/Excavation Area E stratigraphy was stud-
ied along with mapping along the escarpment exposure 
(Albanese 1995, mapping stations 9, 10,25, and 26). The 
general area includes the 1995 survey stations E3 (just south 
of 120N along the escarpment edge) and E10 (just north 
of 140N along the escarpment, Figure 39). In 1995, a de-
tailed description was made of the profile exposed just north 
of 120N as well as sequences exposed in Excavation Areas 
]-X. The stratigraphy exposed during the 1996 MOR ex-
cavations was also in this general viciniry. The sequence 
consists of strata A, B, C, and the overlying colluvium (Fig-
ure 41). 
This parr of the Localiry includes the area examined 
by Robert Bump and the FS58 and F18 collections by the 
Universiry of Montana (based on map provided byT. Foor). 
F18 contained the remains of Mammuthus sp. (according 
to the inventory prepared by R. Dundas from the 1989 
Universiry ofMonrana collections, see Dundas, this report). 
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Figure 40. Fossil in stratum A (C. L. Hill photo). 
Excavation Area E Stratigraphy (1994 Test Pit E) 
The stratigraphic sequence exposed in Test Pit/Exca-
vation Area E is described in some detail since it served as 
the initial basis for the designation of strata A, B, and C 
and the overlying colluvium (Figures 41-47). In its major 
lithologies and relationships, it was essentially duplicated 
in the 1995 backhoe trench stratigraphy, in Excavation 
Areas ]-X, and along the escarpment exposed from about 
1 05N-160 N. At Excavation Area E, the sequence was origi-
nally separated into six major lithologies (Merrell 1994 Test 
Pit local lithologies, in Hill, Davis, and Albanese 1995). 
The 1995 backhoe trench made a direct connection be-
tween these Excavation Area E deposits and those observed 
on the natural escarpment exposure directly to the east 
(Figure 39). The sequence has been extensively subjected 
to postdepositional alteration, including liquefaction de-
formation, micro faulting, and bioturbation. The descrip-
tion here follows the stratigraphic designations published 
in Albanese, Davis, and Hill (1995). 
Stratum A (sandy facies, LLl of Hill, Davis, and 
Albanese 1995, lowest observed sediments in Test Pit/Ex-
cavation Area E). This is primarily a light brownish gray 
(2.5Y 6/2) muddy sand (Figure 46 and 47). It appears 
massive (structureless), with some Fe-oxide streak stains 
(7.5YR 6/6). Nodules and concretions of CaC03 within 
the matrix are less than 2 cm and white (10YR 8/2). Frag-
ments of bone occur within the upper part of the deposit 
as well as along the boundary with stratum B. In Excava-
tion E, deposits of stratum A interfinger and splay into 
stratum B (Figures 41 and 44). Splays are directly con-
nected to stratum A, and there also appear to be isolated 
lenses of stratum A within stratum B (one with a mam-
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moth molar). These splays are interpreted as indicators of 
postdepositional liquefaction deformation. Similar defor-
mation seems to be indicated by intrusions of stratum B 
sediments downward into stratum A. A mammoth molar 
was lying on the upper boundary between these two strata. 
Compositional information derived from loss-on-ig-
nition is presented in Huber (1997, this report). Organic 
content is less than 3 percent, with less than 4 percent car-
bonate; this stratum has the highest amount of siliciclastics 
and the least amount of carbonate in the Excavation Area 
E (1994 Test Pit E) sequence. 
Stratum B (high organic facies, LL2 in Hill, Davis, 
and Albanese 1995). This is a dark-colored series of depos-
its (Figures 41 and 43), higher in organics and clearly vis-
ible on the escarpment exposure east of Excavation Area E. 
It is composed of sandy mud and silts (Figures 46 and 47). 
The base contains vertebrate remains, including mammoth 
bone, which include organics radiocarbon dated to ca. 
37,000 yr B.P. (Table 7; Hill 1999). These organics may 
be younger than the age of the bone. Some of the sub-
Figure 41. Strata A-C, Test Pit/Excavation Area E, 
South Block, Merrell Locality (C. L. Hill photo) . 
Geology of Centennial Valley and Stratigraphy of Pleistocene Fossil-Bearing Sediments at the Merrell Locality 
Figure 42. Strata Band C and overlying colluvium, 
Test Pit/Excavation Area E, South Block, Merrell 
Locality (C. L. Hill photo). 
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Figure 43. Mammoth tooth and rib fragments along 
interface of upper stratum A and lower stratum B, Test 
Pit/Excavation Area E, South Block, Merrell Locality 
(photo by D. Batten). 
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Figure 44. Stratigraphie sketch of Test Pit/Excavation Area E, South Block, Merrell Locality (profile by C. L. Hill). 
facies in this stratum are interdigitated with stratum A, 
apparently as a result of postdepositional deformation. Stra-
tum B can be generally separated into a series of differently 
colored darker beds (facies) that interfinger with lenses of 
light-colored muddy sands of stratum A. Postdepositional 
deformation has caused intrusive splays of stratum B into 
both stratum A and the lower layers of stratum C. 
Some differences in the lithologic characteristics of 
deposits in stratum B appear to reflect various depositional 
facies. The lowermost facies is a very dark grayish brown 
(lOYR 3/2) massive organic silt layer. Another facies over-
lies this splay of stratum A (LLl) and contains a mam-
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Figure 45. Test Pit/Excavation Area E, showing strata 
A-C, colluvium, and bioturbated areas (C. L. Hill photo). 
moth molar along its lower boundary. Another facies con-
sists of a pale brown (1 OYR 6/3) massive silt that forms the 
upper part of stratum B. It is apparently more oxidized 
and contains less organics. Lenses of high oxidation and 
reddish yellow (7.5YR 6/6) streaks occur within the sub-
stratum. Possible splays of stratum C (perhaps even stra-
tum A) are mixed within the darker beds of stratum B; 
they are unoxidized light brownish gray (2.5Y 6/2) lenses. 
Another lithologically distinctive facies is a light brownish 
gray (2.5Y 6/2) layer. Coarse-texture areas within this stra-
tum are more oxidized. 
Loss-on-ignition measurements (Huber 1997, this re-
port) indicate that stratum B has an organic carbon com-
position of 6 to 8 percent, with carbonate about 5 percent; 
these contain the highest amount of organic carbon and 
the second highest amount of residual clastics within the 
Excavation Area E sequence. 
Stratum C (silt facies, LL3 of Hill, Davis, and Albanese 
1995). Two major lithofacies occur within stratum C (Fig-
ures 46 and 47). Beds are composed predominantly oflight-
colored, fine-grained clastics (mostly silts) and interbedded 
coarse clastic lenses (mostly sands, granules, and pebbles). 
Both facies contain deformation structures and 
microfaulting. Mollusc fragments occur within both of 
these lithologies. The molluscs within the coarser facies 
are more likely to be in secondary, lag position. 
Stratum C always overlies stratum B. The fine-grained 
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facies consists of massive light gray (2.5Y 7/2) sandy silt or 
mud with shell fragments. It contains CaC03 concretions 
that are> 2 cm in diameter. Probably because of 
postdepositional deformation, it contains lenses of what 
appear to be stratum B. The lowermost facies is a massive 
light gray (2. 5Y 7/2) silt. It is separated from the overlying 
deposits by a very distinct erosional unconformity and a 
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Figure 47. Texture of sediments of stratum A (LL 1), stratum B (LL2), stratum C (LL3, LL4), and colluvium (LL5, 
equivalent to stratum E in Albanese, this report). 
thin lens of coarser clastics. The overlying bed of stratum 
C is slightly lighter in color, but the difference is not de-
tectable with the Munsell color chart. Another fairly mas-
sive silt overlies this bed. The uppermost subfacies of the 
fine clastic series overlies coarse clastic lenses and seems to 
grade upward into a less well-sorted sedimentary matrix 
interpreted as colluvium (Figures 42 and 44). 
Compositional estimates, based on loss-on-ignition 
measurements (Huber 1997, this report) for the stratum 
C silts, are organics 3-4 percent and carbonates 26-33 per-
cent. These constitute the highest amounts of carbonate, 
the second highest organics, and the lowest proportion of 
clastics in the stratigraphic sequence from Excavation Area 
E. Mollusc fragments and ostracods are present in these 
beds. The presence of ostracods is one of the primary crite-
ria for including the lower facies of stratum C within this 
geologic unit, even though a major erosional unconformiry 
separates it from the rest of the stratum. 
Stratum C (coarser clastic facies, LL4 of Hill, Davis, 
and Albanese 1995). Interbedded within the silts of stra-
tum C are lenses that consist of clearly visible coarser clastics 
(sometimes muddy sands, Figures 46 and 47). The lami-
nations and beds of the coarser clastic lenses are highly 
convoluted and distorted, and they commonly exhibit oxi-
dation stains. Besides these convolutions, some of the lenses 
exhibit distinct normal micro-faulting (Figure 48). The 
sediment-size fractions range from fine sand to pebbles and 
are rypically very well-sorted. The lenses contain areas of 
higher secondary carbonate or gypsum. The sands and grav-
els are commonly subrounded to subangular and light gray 
(2.5Y 7/2 ). The convoluted stains and oxidation bound-
aries for these coarser clastics are reddish yellow (7.5YR 71 
8). These are laminated to thinly bedded and contain (re-
deposited?) shell fragments. 
The loss-on-ignition data presented by Huber (1997, 
this report) indicate that, compositionally, organic content 
is low (1-3%) and carbonate content can range from ca. 
15 to 25 percent. The carbonate is presumably secondary. 
These coarse clastic facies of stratum C contain the least 
amount of organic carbon , relatively high amounts of car-
bonate (but lower than the silts of stratum C), and higher 
amounts of clastics compared to the stratum C silts. 
Unsorted Matrix (colluvial facies, LL5 of H ill, Davis, 
and Albanese 1995). In the higher part of the Excavation 
Area E sequence are occasional areas oflight gray (10YR 71 
2) muddy sand, sometimes highly disturbed, which at times 
show a gradational transition with the silt facies of stratum 
B along with the introduction of some colluviation (Fig-
ures 45 and 47). They seem to exhibit less-convoluted bed-
ding, no discernible laminae of coarser clastics, and incipi-
ent pedogenic structures (including turbation features) 
which had been superimposed on and which sometimes 
had obliterated the original structure and textures. Within 
this less well-sorted matrix, bedding planes are less appar-
ent, less oxidized, and less convoluted. The bedding planes 
which are apparent are observable because of light oxida-
tion along the boundaries. 
Compositional values based on loss-on-ignition (Huber 
1997, this report) indicate that organics are less than 3 
percent and carbonate content is greater than 23 percent. 
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Table 3. Radiocarbon Ages and Stable Isotope Measurements from the Merrell Site. 
Laboratory Conventional Material Isotope Ratio Location Approximate Rocky Mountain 
Number 14C Age B.P. 
Beta-26205 25,030 ± 510 mammoth not provided 
metatarsal , 
collagen 
extraction 
Beta-77826 19,310±90 bone collagen, -23.7 
extracted with (C3 pathway) 
alkali 
Beta-118755 21,530 ± 100 bone collagen, -20.9 
extracted with 
alkali 
Beta-110647 43,970 ± 370 bone collagen, -11.1 
extracted with 
alkali , Cygnus 
Beta-74032 36,500 ± 710 organic retrieved -26.0 
from within bone (C3 pathway) 
Beta-36206 >33,990 mammoth fibula, not provided 
collagen extraction 
Beta-111325 32,470 ± 270 tusk collagen, -25.2 
extracted with 
alkali 
Beta-83614 >41,900 humates -28.2 
Beta-116519 49,350 ± 1,500 mammoth bone -19.2 
collagen extracted 
with alkali 
These contents are similar to some sediments within stra-
tum C. Mollusc fragments and ostracods are present within 
the matrix. 
Disturbed Areas ("rodent burrows," LL6 of Hill 1995). 
Throughout the sequence are highly disturbed areas that 
contain poorly sorted (unsorted) and bioturbated sediments 
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Date Based Climatic-Chronologie 
on U-Series Context 
Correlation 
"channel fill" about 28,000 Main Pinedale Deckard 
(stratum D years ago Flat advance in 
debris flow Yellowstone; Middle 
deposits) Pinedale in Tobbacco 
Root Mountains 
stratum D, 22,000 end of Main Pinedale 
debris flow years ago or following interstadial 
deposits (glacial recession) 
Stratum D 25,000 Main Pinedale Deckard 
years ago Flat advance in 
Yellowstone; Middle 
Pinedale in Tobacco 
Root Mountains 
beach surface about 45,000 Early Pinedale 
years ago 
stratum B (Test about 39,000 Early Pinedale 
Pit 1994 E, LL2) years ago 
2.1-m zone older than Early Pinedale or older 
within main 36,000 
section (likely years ago 
stratum B) 
stratum B about 35,000 Early Pinedale, 
years ago possibly late transition 
stratum B > 43,000 Early Pinedale or older 
years ago 
stratum A about 49,000 Early Pinedale 
years ago 
(Figure 45). They generally occur higher in the sequence, 
although they do interrupt deposits of stratum B and stra-
tum C. 
A description of the potential locations of fossils re-
covered from Test Pit/Excavation Area E is available in Hill 
and Batten (1997), this report. 
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Figure 48. Normal faulting of stratum C (C. L. Hill photo) . 
The 1995 Backhoe Sequence 
In 1995, a backhoe trench was placed along the east-
west axis of the site grid, slightly grid north of 120N (Fig-
ure 34). This trench was cut from the edge of the escarp-
ment through the southern portion of Excavation Area J 
and the south wall of Excavation Area E. Thus, the strati-
graphic sequence provides an exposure of the sedimentary 
sequence essentially 90° from the escarpment exposure as 
well as directly linking the sequence at Test Pit/Excavation 
Area E with the escarpment stratigraphy and the J-X Exca-
vation Areas within the South Block. 
Figure 49 is a generalized depiction of the stratigraphic 
sequence exposed in the backhoe trench. The trench ex-
posed a 13-m-long (43 ft) stratigraphic sequence (running 
2013 --, M.t .... above •• a level 
2012 i 
2011 l 
2010 ~ 
2009 ~ 
from 113-126E, the edge of the escarpment is around 
126E). All of the major strata described from Excavation 
Area E are present (Figure 50). 
Stratum A. There is a general eastward dip to the top 
surface of stratum A. An oxidation zone was also easily 
observable at the top of the stratum. Fossils occur within 
the top of stratum A in this part of the site. 
Stratum B. Two major subfacies are present (Figure 
49). The lowest part of the stratum is darker and higher in 
organics. Fossil bones were mapped in situ within these 
deposits. A lighter-colored series of beds overlies this low-
ermost facies. They are in places highly contorted and splay 
into stratum C. Humates obtained from a sediment sample 
collected from the wall of the backhoe trench yielded a 
conventional radiocarbon age of >41,940 14C yr B.P. (Table 
3; Hill 1999). 
Stratum C. The silts and coarse clastics of this stra-
tum are highly contorted. The same normal fault mapped 
in Test Pit/Excavation E was mapped in this section. Some 
areas within this stratum are interpreted as rodent burrows. 
Colluvium. About 1 m (3 .3 ft) of unsorted sediment 
is interpreted as colluvium with disturbance areas. 
Deposits Observed Along the Exposure 
and in J-X Excavation Areas 
The stratigraphic profiles measured along 121-135N 
were recorded in conjunction with detailed excavations of 
the lower part of stratum C, stratum B, and the top of 
stratum A in Excavation Areas J-X during 1995 and 1996 
(Figure 51). These can be connected to the 1995 backhoe 
trench and to the Test Pit/Excavation Area E sequence 
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Figure 49. Stratigraphic section of backhoe trench, south side of South Block (profile by C.L. Hill). 
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Figure 50. East side of backhoe trench (compare with 
Figure 27) (C. L. Hill photo). 
within the South Block and also to the grid south and es-
carpment exposures. The measured stratigraphic sequences 
are presented as Figures 52-55. An analysis of the spatial 
distribution of fossils recovered in these deposits is avail-
able in Hill and Batten (1997, this report) . Fragments of 
tusk recovered from stratum B in Excavation Area L pro-
vided a conventional radiocarbon age of ca. 32,470 14C yr 
B.P (Table 7; Hill 1999). 
Correlation of Descriptions 
The soil profile documented by Bump (1989) from 
the east-facing exposure of the escarpment appears to have 
been situated at around 120N (Figure 4), approximately 
at the south end of the South Block (based on Map 2 and 
Figure 3 in Bump 1989). Four levels (numbered from top 
to bottom) were described. The lowest (level 4CrK or 
IVCrK) resembles stratum A. It is described as a light yel-
lowish brown (10YR 6/4), very fine sandstone with mas-
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sive structure. Mammal bones found within this level were 
considered by Bump to have come from the overlying level 
through cracks. Bone was observed within the top of stra-
tum A during the MOR excavations and along its upper 
boundary with stratum B (Hill and Batten 1997, this re-
port). Hill also observed large fragments of mammoth bone 
seemingly within stratum A in 1996. 
Level3Ab (or IIIAb) overlies level 4. It is marked by a 
clear, wavy boundary (Bump 1989) and is a dark gray 
(10YR411) silt with strong medium subangular soil struc-
ture. It is probably equivalent to stratum B. Non-efferves-
cence to HCl, indicating an absence of carbonate (attrib-
uted to postdepositional leaching), is reported by Bump, 
although thermal analysis (loss-on-ignition) implies the 
possible presence of about 5 percent carbonate for stratum 
B (Huber 1997, this report). Besides the presence of Pleis-
tocene vertebrate remains, this level was reported to con-
tain molluscs. Compared to all other levels, 3Ab is more 
acidic (pH 5.6-5.8, compared to >7.2 for all others). The 
level has characteristics interpreted as a buried soil equiva-
lent to paleo-Cryaquolls and a Mollic epipedon. It was 
described as having a gradual boundary with the overlying 
level 2. 
Level2Cr (or IICr) is a light yellow brown (10YR 6/4) 
massive deposit that contains molluscs and oxidation stains. 
It is probably equivalent to stratum C, although the bound-
ary between stratum B and stratum C was observed to be 
Figure 51. 1995 excavations, South Block, Merrell 
Locality (C. L. Hill photo). 
distinct and not gradational. This could be an indication 
that the level 31level 2 boundary described by Bump refers 
to the clear erosional unconformity that separates the lower 
and upper stratum C deposits, using the nomenclature that 
Albanese, Davis, and Hill (1995) adopted for this report. 
The upper boundary between levels 2 and 1 was described 
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Figure 52. Generalized stratigraphy in Excavation Areas J and K, South Block, Merrell Locality (profile by C. L. Hill) . 
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Figure 53. Generalized stratigraphy in Excavation Areas P and S-X in South Block, Merrell Locality 
(profile by C. L. Hill). 
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Figure 54. View looking toward grid south, showing 
strata A-B at Excavation Area K, South Block, Merrell 
Locality. Figure is standing on stratum A and is pointing 
toward lower section of stratum B (C. L. Hill photo). 
Figure 55. View looking toward grid north, showing 
strata A-B at Excavation Areas X and P, South Block, 
Merrell Locality (C. L. Hill photo). 
as abrupt, and that may mark the gravel deposit at the top 
of this stratum C facies (gravels were observed by Bump). 
Levell (or I) was separated into four horizons (Bump 
1994) which seem to correspond to the colluvial matrix at 
the top of the sequence. It also seems to include some sub-
lithologies of stratum C. The lowest horizon seems to cor-
respond mostly to the top of stratum C and lenses of the 
uppermost colluvial matrix. This horizon overlies 2Cr and 
was designated as either Btk2 or BK4. It is very pale brown 
(10YR 7/6), subangular, and alkaline (pH=7.8-8). A gradual 
boundary separates this horizon from a 29-cm-thick, light 
gray (10YR 7/6) horizon with subangular blocky soil struc-
ture designated as either Btk2 or Btk1 (Bump 1989). This 
would seem to correspond to the upper parts of stratum C 
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which generally exhibit more CaC03 concretions and Fe203 
staining. This and the overlying two horizons have alka-
line pH values >8. The boundary separating this from the 
overlying horizon is also gradational (Bump 1989). The 
overlying horizon, designated as either Btk1 or BK2, is 
about 17 cm thick and contains gastropods and a higher 
fraction of gravel (ca. 15-20%). It seems to correspond 
mostly to the various higher lenses of the overlying collu-
vium and upper parts of stratum C, unless some of the 
coarse fractions refer to rodent burrow deposits. 
The uppermost two horizons of Bump's sequence were 
described as an Ak-Bk1 sequence with a total thickness of 
ca. 33 cm. The horizons are slightly more acidic (less alka-
line) than the other B-horizons. These horizons seem to 
correspond mostly to the higher colluvial sediments. 
The upper part of stratum A and most of stratum B 
(syn. LLl and 2 in Hill, Davis, and Albanese 1995) can be 
correlated with the "2.1 m zone within the main section of 
the terrace" described by Dundas (1992: 12). The date of 
>33,990 yr B.P. (B-36206) (Table 7) from a mammoth 
fibula is most likely related to the date of ca. 37,000 yr B.P. 
(Table 7) on organics from mammoth bone obtained from 
Unit B (see below). The mammoth long bones and uncol-
lected exposed ribs from the south side of the Locality 
mapped by Bump (1991) are likely derived from strata A 
and B. Hill had an opportunity to go over these correla-
tions with Bump in the field during the 1995 excavations. 
It seems fair to say that Bump concurs with this general 
assessment. 
Grid 140-170N Escarpment and North 
Block Stratigraphy 
Escarpment Exposure 
Besides the studies by Albanese in 1994, a stratigraphic 
profile was measured and sketched along the escarpment 
from Grid 140 N to Grid 170 N in 1995 (Figure 4). The 
area includes the 11 , 12/27, 19/31/29, and 15/30 station 
points of Albanese (1995) and the 1995 E10, E13, E12, 
E4, E5, E6, E7, and E8 survey points (Figure 39). It also is 
the area that includes the A103 (FS58) mammoth bone 
collections made by the University of Montana. A frag-
ment of a tooth attributable to Camelops was recovered 
from deposits of stratum C at station E4. 
Excavation Area C (1994 Test Pit C) 
Excavation Areas C (Test Pit C 1994) and I ("the tusk 
area") were situated in the vicinity of Grid 160 N (Figure 
4). Radiocarbon dates were obtained from this area as a 
result of the 1989 University of Montana investigations 
(Table 7) and later by the MORIMSU studies. This in-
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cluded the area of the mapping stations used in 1995 
(Albanese 1995). Along the escarpment, this includes the 
F13, F14, F15, and FS59 collections made by Montana 
State University (based on data provided by T. Foor). 
Studies at Excavation Area C (Test Pit C) (Figure 39) 
were conducted under the supervision ofD. Batten and T. 
Wolfgram during the 1994 field season. The sedimentary 
sequence was exposed to a depth of 280 em (9.19 fr) be-
low surface (b.s.) (Figures 56 and 58). The deposits are 
mostly silts with some coarse clastic lenses and is generally 
reminiscent of stratum C in Test Pit/Excavation Area E. 
No deposits similar in lithology to stratum B at Test Pit/ 
Excavation Area E or along the edge of the escarpment 
were encountered. Thus, the bones recovered from Exca-
vation Area C would appear to provide an indication of 
the kinds of remains present in a lateral facies of stratum C 
and possibly some overlying colluvium, along with 
intrusives associated with younger bioturbation (primarily 
rodent-burrowing). Although silts dominated the sequence, 
cobble-sized rocks were encountered in south half excava-
tion levels 5-7 (40-70 em [16-28 in]b.s.) and north half 
levels 8 (70-90 em [27-35 in] b.s.). The biostratigraphic 
record is likely a mixture of chronologie ages, especially for 
the uppermost 2 m [6.56 fr] of the Excavation Area. The 
lower 60 em [23.6 in] of the sequence exhibited less evi-
dence of bioturbation or potential for disturbance and may 
be a slightly more informative indicator of the types of 
fossil fauna preserved within a lateral facies of stratum C. 
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Recent remains of ground squirrel (Spermophilus sp.) 
were identified in Cn levels 4, 6, 7, 10, 13, 16, 19-21, and 
25 and in Cs levels 2, 3, 5, 7, 8,11,14,16,18,21, and 22 
(Dundas, this report). This is a hint that there is potential 
for the mixing of fossils throughout the Test Pit/Excava-
tion Area C sedimentary sequence. Remains of Lepus sp. 
were recovered in Cn level 9 and 14 and Cs level 19. These 
are probably Late Holocene in age. Remains of Thomomys 
were found in Cn level 14. 
A mammoth molar was recovered from the north half 
excavations within level 16 (150-160 em b.s). This level 
also contained rodent burrows. The presence of a mam-
moth molar would indicate the occurrence of at least rede-
posited Pleistocene-age sediments within the Excavation 
Area C sequence. The mammoth molar fragment from level 
16 was conjoined with a molar root section recovered from 
level 18, providing another indication of mixing. At level 
23 (north half 220-230 em b.s.), the sediments are more 
heterogeneous in color (greys, reds, and tan silty clays with 
gravels?) and fragments of teeth were present (perhaps a 
mammoth molar, specimen 9). Fragmentary remains of 
mammoth were found in almost every level below level 3. 
In the Cn, mammoth remains were recovered from levels 
4,5,7-9, 11, 12, 14, 16,20,21,24, and 25 while, in Cs, 
mammoth remains were recovered from levels 11-14, 17, 
18, 20, 21, 24, 26, and 28 (see also Dundas, this report). 
Collagen extracted from a mammoth tooth fragment from 
Cs level 21 provided a conventional radiocarbon age of 
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Figure 56. Generalized stratigraphy in Test Pit/Excavation Area C (near the North Block) (profile by C. l. Hill). 
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Figure 57. Test Pit/Excavation Area C West Wall, 
showing bioturbation (C. L. Hill photo). 
about 49,350 B.P. (Table 7) (Hill 1999). Fish remains were 
found in Cn levels 17 and 18. Fragments of horse remains 
were found in Cn levels 6 and 11 and Cs levels 18 and 24. 
Camel was identified from Cs level 20 (Dundas, this re-
port). 
Although the Test Pit/Excavation Area C sequence 
shows evidence of considerable bioturbation, especially in 
the upper part (Figures 56 and 57), the sediments contain 
the remains of at least three Pleistocene species (mammoth, 
camel, and horse). The taphonomic interpretation of these 
remains needs to take into consideration at least twO 
redepositional events, one possibly associated with fluctu-
ating high and low-energy conditions associated with the 
formation of the facies variant of stratum C and another 
connected with younger bioturbation characterized by 
mixing by burrowing mammals. 
Excavation Area I 
Along the north part of the scarp, a vertebrate bonebed 
was present as part of a deposit composed of sand, cobbles, 
and pebbles (see Albanese, this report, Figures 18-21 and 
60-61). Bone fragments, principally of mammoth, had been 
incorporated into the deposit (Figures 62 and 63). These 
date to 25,000-19,310 14C yr B.P. (Table 7) and provide a 
maximum age for the deposit. The deposit can be inter-
preted as a debris flow that may have accumulated on the 
floor of an arroyo-type channel that was incised into strata 
C and A (see Albanese, this report). 
Both Dundas (1990) and Bump (1991) provide de-
scriptions of the context of fossils recovered from this part 
of the Merrell Locality. In notes reviewing Hill's attempt at 
correlations, Dundas concurred that the "pure quartz sand 
lens and a gravel-boulder channel lag deposit" that he de-
scribed (Dundas 1990) are the same deposits designated 
by Albanese (1995, this report) as substrata AI, A2, and 
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stratum D. The well-sorted sand below the mammal bones 
was sampled for luminescence dating, providing an age of 
ca. 63,000 OSL years B.P. for this facies of stratum A (Feath-
ers, this report) (Figure 61). The mammoth bone dated at 
ca. 25,030 14C yr B.P. (Table 7), along with the dates of ca. 
21,530 and 19,000 14C yr B.P. (Table 7) from mammoth 
bone incorporated into stratum D (the debris flow), seem 
to indicate that the deposit contains faunal remains that 
may range over an interval of 5,000 years, and that it is 
younger than the faunal remains found mostly in stratum 
B or at the top part of stratum A. Because stratum D lies 
on the eroded surfaces of strata A-C, it is possible that some 
fossils originally in these older strata could be incorporated 
in the debris flow. These deposits are also likely the same as 
those that contained exposed mammoth tusk and long 
bones mapped by Bump (1991), based on Hill's discus-
sions with Bump in the field in 1995. Detailed taphonomic 
studies of this bonebed were undertaken in 1994 (Figures 
64-66). Most of the bones can be attributed to Mammuthus 
Figure 58. Test Pit/Excavation Area C South Wall (C. 
L. Hill photo). 
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(cf M. columbi). Rare elements from Bison and Equus (Fig-
ure 64) are also associated with the deposits at Excavation 
Area 1. 
Site-Specific Stratigraphic Integration and 
Lithostratigraphic Interpretations 
Stratum A contains a wide variety of lithologies (tex-
tures and structures). It seems to contain a variety of sedi-
mentary facies indicating alluvial, colluvial, and possibly 
lacustrine depositional conditions. The lowermost facies 
of stratum B is thought to have formed in a marsh-like 
setting. The deposits high in organics represent the marsh-
basin facies, while the oxidized zones represent the edge of 
the basin. Stratum B may represent the initial filling of an 
isolated depression. The size of the water body may have 
later expanded, increasing in depth and resulting in the 
deposition of some of the overlying deposits of strata B 
and C. Taphonomically, the vertebrate fossils found along 
the interface between strata A and B may be have eroded 
from stratum A. They may also have been incorporated 
into the shallow basin and deposited as part of stratum B. 
They appear to reflect the remains of animals that died in 
or near a shallow swamp. 
Figure 59. View looking generally south at North Block 
excavations. Figure is at the "tusk area." (C. L. Hill photo). 
Most of stratum C seems to indicate a shallow, braided-
stream setting typified by fluctuating flow regimes (Albanese 
1995, this report). A potential alternative interpretation is 
that the strata dominated by fine-grained sediments repre-
sent a transgressive phase deposition within a basin, and 
the coarse-grained sediments indicate higher energy regimes 
Stratum A 
Figure 60. View of strata A-E at North Block (Excavation Area I) , looking west (C. L. Hill photo). 
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Figure 61. View of tusk area and debris flow at North 
Block (Excavation Area I), looking west. Well-sorted 
sands are a sub-facies of stratum A (C. L. Hill photo). 
mammoth tooth 
associated with basin margins and regressive phase deposi-
tion. However, very similar sedimentary textures and struc-
tures can be observed today forming banks along the Red 
Rock River (Figures 67-68), implying that stratum C re-
flects primarily fluvial conditions. In restricted areas, strata 
A and C contain deposits that are probably of colluvial or 
debris-flow origin. 
At Excavation Area E (1994 Test Pit E) and the back-
hoe area (Figures 39, 46-47), stratum C is a massive sandy 
mud. It may represent continued deposition in an expand-
ing lake setting, initially represented by the marsh-like de-
posits of stratum B (LL2). A very distinct erosional 
unconformity marked by a thin layer of coarser clastics 
separates this lower lithology from the rest of the stratum 
C sedimentary package. The rest of the sequence consists 
of alternating lenses or beds of fine- and coarse-dominated 
clastics. Along the scarp face, stratum C consists of thin 
beds and laminae of muddy sand and interbeds composed 
oflimestone pebbles and coarse sand. The sands grade lat-
erally into sandy muds (sand, silts, and clays). These de-
posits would appear to indicate a sequence of alternating 
transport energies and depositional conditions potentially 
associated with alluvial and fluvial settings, perhaps mostly 
with shallow braided streams. The faunal remains from stra-
tum C seem to have been deposited under fluvial condi-
tions. Liquefaction features and normal microfaulting are 
pervasive throughout strata Band C. 
Figures 62, 63. Fossils in debris flow, North Block (Excavation Area I) (C. L. Hill photos). 
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Figure 64. Spatial distribution of fossil remains in Excavation Areas la and Ib (map by C. L. Hill). 
3: 
z 
:e 
m 
... 
« 
c: 
o ;:: 
ra 
> ra (,) 
>< 
w 
3: (/) 
.0 
ra 
CI) 
... 
« 
c: 
0 
;:: 
ra 
> ra (,) 
>< 
W 
3: 
z 
.!l! 
ra 
CI) 
... 
« 
c: 
0 ;:: 
ra 
> ra (,) 
>< 
w 
61 
Pleistocene Geology, Paleontology, and Prehistoric Archaeology 
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Figure 65. Spatial distribution of fossil remains in 
Excavation Area la. The top of the debris flow is 
depicted in Figure 65-1 with the lowest part of the 
deposit shown in Figure 65-8 (map by C. L. Hill). 
Stratum D is an isolated deposit on the north side of 
the Merrell Locality (Figures 39 and 59-66). The debris-
flow deposit is locally restricted (on the north end of the 
scarp) and seems to have been deposited around or after 
ca. 19,000 14C yr B.P. It also contains mammoth remains 
with ages of ca. 25,000-21,000 14C yr B.P. and may con-
tain fossils redeposited from older sediments (strata A-C). 
Stratum D is localized to Excavation Area I (the North 
Block), which also contains sediments associated with vari-
ous facies of stratum A and stratum C. Throughout the 
entire Merrell Locality, colluvium, probably mostly of 
Holocene age, overlies the strataA-C sequence (Figure 69). 
The colluvial deposits are heavily bioturbated. 
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Figure 66. 
Spatial distribution of fossils in Excavation Area I 
(map by C. L. Hill) . 
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Figure 67. Alluvial deposits along Red Rock River, 
Centennial Valley (C. L. Hill photo) . 
Figure 69. Colluvium (stratum E) at North Block 
(Excavation Area I). J. Albanese for scale (C. L. Hill 
photo) . 
Figure 68. Alluvial deposits along Red Rock River, 
Centennial Valley (C. L. Hill photo). 
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